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( 419 )

ROYAL SOCIETY OF SOUTH AFRICA.

PRESIDENTIAL ADDRESS.

By S. S. HOUGH, F.R.S.

(Read April 17, 1910.)

The retiring President delivered his address :-

I should like to-night to have traced the development of our Society
from its small beginnings in 1878 to the present time, a growth with
which, however, our new President has been so intimately associated that
it is perhaps more fitting that I should leave this subject to be dealt with
by him on a future occasion. There is, however, at least one matter to
which I feel that reference should be made to-night. Those of us who
were concerned in the drafting of our new constitution decided to follow
as closely as our modified circumstances would permit the model furnished
by the Royal Society of London-a Society which has uniformly secured
the confidence of scientists, administrative bodies, and the public as
representative of the highest interests of true science. Partly Itt least as a
result of this course, we have been enabled to approach the Union Govern
ment with a request for financial assistance, which I am pleased to he
able to record, as you will see from the Treasurer's report, has been willingly
accorded. It has been decided by the Oouncil that the funds thus raised
should form the nucleus of a fund which it is hoped may be added to
from other sources, and which should be earmarked for the purpose of
assisting research work in science. A scheme for its administration, in
which the co-operation of other bodies, scientific and educational, in South
Africa is invited, has been prepared by the Oouncil. The applications
already received for assistance from this fund testify as to its usefulness
in assisting what may perhaps be described as personal researches, as
distinct from those more organised researches, such, for instance, as those
conducted in the public laboratories directly subsidised by Government.
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420 Transactions of the Royal Society of South Africa.

I pass on now to the subject which I have selected on which to address
you to-night, and which I propose to entitle-

"SOME RECENT IMPROVEMENTS IN TRANSIT OBSERVING."

Whenever I happen to be in Cape Town about midday I notice a
certain instant when almost everyone, who is the happy possessor of one,
proceeds to take his watch from his pocket and ascertain its indications.
He is prompted to do so by the firing of the gun on Signal Hill, and it is
gratifying to me to observe the confidence which is always placed in the
correctness of the time as indicated by that gun.

True, there are occasions when it misses fire altogether, and it has
been known to go off of itself, or fire to a false signal preceding the signal
which is intended to discharge it. Such cases are, however, rare, and the
resulting uncertainty when they occur is usually so great as to deceive
nobody.

This gun, as most of you know, is fired by an automatic electric signal
transmitted from the normal mean time clock at the Royal Observatory,
the same signal being also transmitted to the Docks, where a ball is
dropped, to Simonstown, to Port Elizabeth, and to East London.

An automatic return signal from the Dock Time Ball, as well as
observations both of the flash and report of the gun, and monthly returns
from outlying stations, indicating the time shown by reliable chrono
meters at which the signals are received, combine to assure us at the
Observatory that, except in cases of accident, the signals actually received
at these distant stations correspond in time with those sent from the mean
time clock.

As this daily signal governs the whole of the time service-railway
time, telegraph time, &c.-it is incumbent on the Observatory staff to
ensure that the indications of the clock should not be merely regularly
transmitted-a responsibility which, after all, attaches more closely to the
telegraph department which provides for their transmission-but that they
should be correct indications of the true statutory time. It would be
quite safe to say that, with the precautions adopted for this purpose, the
error in these signals never attains the limit of half a second, and but
rarely reaches one-fifth part of a second.

Now, no existing clock could be relied on, however carefully mounted
and adjusted, to secure this accuracy for any continued length of time, and
it is therefore necessary to have recourse to daily astronomical observa
tions to ascertain the errors of our clocks, which may then either be
corrected or allowed for, as may be most convenient. In fact, the only
timekeeper on which we can sufficiently rely is the earth itself in its
diurnal rotation, and the most direct method of accurately reading this
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Presidential Address. 421

time-piece is by means of the transit instrument. This instrument, as it
were, forms the indicator, or "hand," of the clock, whose" face" is the
sky itself, while the stars correspond with a series of irregularly placed
graduation marks on the dial.

With a transit instrument on stable foundations in conjunction with
data furnished by the various nautical almanacs, it is not a difficult matter
at any time when weather permits to obtain time determinations with a
precision exceeding that quoted above as illustrative of the precision
attained in the daily time service.

Our usual practice for this purpose is to endeavour to secure an
accuracy which would exclude errors of one-tenth part of a second, and
doubtless this precision is attained in the majority of cases, except where
long-continued cloudy weather prevents a direct reference to the sky and
forces us back on the use of our clocks.

When, however, a higher degree of precision in transit-observing is
desired, difficulties of a complex character at once begin to present them
selves, and it is with the nature of some of these difficulties and the
methods adopted for overcoming them that I wish to deal.

In the first place, it is found that two different observers observing
almost simultaneously with the same instrument under conditions as
nearly similar as can be reproduced, persistently differ to a small but
decidedly appreciable extent in their determinations of clock errors.

Two methods of observing have been regularly used until recently.
In the older method (known as the" eye and ear" method) the observer
listens to the beats of his clock, counting off the seconds, and simul
taneously watches the image of a star travelling across the field of his
telescope, and estimates to the nearest tenth part of a second the instant
at which the star transits across a spider-web fixed in the focal plane of
the telescope. In the more modern, or galvanic method, the beats of the
clock are automatically recorded on a travelling tape or rotating drum,
while the instant at which the star reaches the web is similarly recorded
on the same tape (or drum) by the observer tapping a key.

A comparison between the two records, from which the error of the
clock may be deduced, can then be made at leisure by a method which
admits of higher refinement, if necessary, in the subdivision of a second.

Both methods are found to be liable to discordances of a similar
character. It is not uncommon with either method to find two ex
perienced observers whose determinations persistently differ by as much
as a quarter of a second, a quantity by no means to be disregarded when
even a precision of only one-tenth part of a second is sought.

A far higher accuracy than this must be aimed at in observations
required, for instance, in the precise determination of terrestrial longitudes,
or in observations required for correcting the tabular positions of stars as
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422 Transactions of the Royal Society of South Africa.

contained in the fundamental catalogues of stars on which the almanac
data are based. Were the effects of these personal discordances absolutely
uniform for any observer, their resulting effect on either of the operations
just referred to could be reduced to zero-in the former case by dupli
cating the programme and interchanging the observers at the two stations
whose difference of longitude is under investigation-in the latter by
relying only on differential observations in which each observer's work is
combined only with his own determinations of clock error.

There exists, however, a further complication, the discovery of which
resulted from the comparison of such differential observations with
differential observations of a different character, not dependent on time
observations but on accurate micrometric measurements made either on
the sky itself or on photographic representations of it. There was a
general tendency for the apparent places of the fainter stars in relation
to the brighter stars, as determined by the transit observers, to lag behind
their positions as determined by other methods. That this tendency could
be traced to inaccuracy in the meridian observations was established by
covering the object-glass of the telescope with wire-gauze screens, by
means of which the apparent brightness of the brighter stars could be
reduced to correspond with that of the fainter stars. When this precaution
was adopted the anomaly practically disappeared, and the method afforded
a means of accurately estimating its amount. This was found to be
similar in kind for all observers, but to vary considerably in amount from
one observer to another.

To obviate difficulties resulting from these "personal" discordances
an entirely new method of transit ohserving bas been devised by Messrs.
Repsold, of Hamburg. In place of the fixed reticule of webs in the field of
the telescope a single moving web is used which the observer can move at
will by turning of a graduated drum-head. As this drum-head is turned
a series of "make" and "break" signals is transmitted electrically to
the recording tape of a chronograph side by side with similar signals
registering the beats of the clock. Each" make" and each "break"
corresponds with a definite position of the rotating drum-head, or, what
corresponds thereto, of the travelling wire. The operation of observing
then consists in turning the drum-head by hand so that the star under
observation is continually bisected by the travelling web; the clock times
at which it reaches definite positions, these definite positions no longer,
however, being marked by fixed webs, are then automatically registered
on the chronograph.

The method has been extensively used in field operations for deter
mining terrestrial longitudes with satisfactory results, and is already
adopted in several of the leading observatories.

The method may, perhaps, be compared to that of a gunlayer on board
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Presidential Address. 423

a battleship, who keeps his gun continually pointed on a moving target,
so that a hit may be secured at any moment the gun is discharged, say,
from ·the conning tower of the ship.

A more recent innovation has been the introduction of a mechanical
method of driving the moving wire at a speed which could be adjusted to
correspond with that of the apparent motion of the star in the field of the
telescope, and to provide means by which the observer could instan
taneously bring the web into exact coincidence with the moving star. If
the speed adjustment is then exact, no further action on the observer's
part is necessary, but if inexact he is able to correct the movement from
time to time in the course of a transit, the results involving such correc
tions being automatically recorded by the self-registration method on the
chronograph.

The new Transit Circle of the Cape Observatory, the erection of which
was commenced in 1901, was designed to be operated by the methods
which I have been endeavouring to explain to you.

Owing to the necessity for the completion of earlier programmes and
the time requisite for preliminary investigation of the instrument, it was
not until the beginning of 1905 that a regular observing programme with
this instrument was begun. Even then the instrumental equipment was
not complete. The earlier attempts at providing a sutisinctory mechanical
movement for the travelling wire had not proved successful, and it was
therefore necessary to commence with the use of the hand-driven web.
The programme of work was, however, so arranged as to bring out the
capabilities of this method when pushed to its highest refinements.

The immediate object of this programme was the formation of a
fundamental catalogue of a selected series of stars. This required not
only that the observations should be made with the highest precision
attainable, but that they should be so arranged as to be self-sustaining in
all respects, i.e., that they should not be made to depend on existing
almanac data, but should rather be available for improving them. It was
judged expedient to push the working programme to completion by the
methods under which it was begun before proceeding with further experi
mental work. With the exception of a short interruption in the course of
the year 1907, this occupied the observing staff until the end of the
year 1910.

In the meantime, however, an improved driving apparatus was designed
and constructed. This was readily adapted to the instrument, and brought
into experimental use from the commencement of the year 1911. Special
devices, to which I shall refer later, were included to overcome some of
the difficulties met with in the earlier experiments.

Now I wish to call your attention to a few of the results obtained in
relation to personality in determining time or clock error.
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424 Transactums of the Royal Society of South Africa.

The last extensive series of time determinations with the old transit
instrument, made by observing transits over fixed webs with chronograph
and key, was made in the year 1906, and seven regular observers shared
the work. From a discussion of the year's observations, persistent
personal differences amounting in the extreme to as much as 0'23 s. were
found to exist.

In the years 1908 and 1909 six regular observers shared the transit
work, working by the travelling wire method, with hand guiding. An
independent discussion of each year's observations led to the following
determinations of the personal discordances :-

C .
A.P .
R.C .
A.·W .
M ..
J.W .

1908.
s.

-0'007
+0'014
+0'013
- 0'036
+0'023
- 0'008

1909.
s.

-0'004
+0'014
+0'010
- 0'035
+0'026
+0'001

Notice here that the extreme discordances between different observers
amounts only to 0'06 s., i.e., about a quarter only of the similar dis
cordance found in using the older method. The close reproduction of the
results derived in the two years indicates, however, that, small as the
residual phenomena are, they are real and not merely illusory results
obtained by pressing the accuracy of the reductions to an unjustifiable
number of decimal figures.

Coming now to personal errors as dependent on the magnitude of the
stars under observation, it was found from a special series of observations
in 1906, in which five different observers took part, that between the
range of magnitude of the bright clock stars and the faintest stars that can
be conveniently observed, the discordances amounted at most to 0'03 s.,1
and the reality of this quantity was by no means fully established. With
the older method of observing, persistent discordances, over the same
range of magnitude, of 4 or 5 times this amount are not uncommonly
shown.

* The initial letters refer to the following observers :-
C. Mr. W. H. Cox.
A.P. Mr. J. A. J. Pead.
RC. Mr. R. W. Cheeseman.
A.W. Mr. A. J. Wilkin.
M. Mr. H. F. Mullis.
J..J. Mr..J. W..Jackson.
.T.W. Mr. J. C. Wood.
8. Mr. F. H. Scragg.

Monthly Notices of RA.S., lxvii., p. 379.
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Presidential A(lilress. 425

I come now to the observations made during the year 1911, whero the
Repsold method, accompanied by the use of the mechanically driven web,
has been employed. Seven observers took part in the observations, which
were primarily concentrated on a series of close circumpolar stars, but
included also exact time determinations. Whenever possible the clock
error was independently observed by two different observers on each
observing night, so as to afford a direct comparison between the results
obtained by the different observers. A discussion of these comparisons
has yielded the following determinations of the personal discordances:-

O.
A.P.
R.O.
A.W.
M.
J.J.
S.

s.
+0'008
+0'007
- 0'011
+0'006
- 0'005
- 0'008
+0'001

The extreme discordance here shown is under two-hundredths of a
second, while it is very doubtful whether this may not be a result of the
inevitable accidental errors of the observations, which would be still
further reduced had it been possible to obtain a larger number of
comparisons.

I have confined my attention so far to the aspect of personal equation
as it affects rapidly moving stars, such as are always used for exact time
determinations. The Repsold method of observing was primarily devised
for the latter purpose, and at the time it was brought into use at the Cape
I was unacquainted with any attempts to extend its use to the slow-moving
stars surrounding the pole. The accurate observations of these stars,
especially in the direction of Right Ascension, presents special difficulties,
while it is of special importance in that the poles form the principal
reference points in the sky to which all exact observations are referred.
Considerable doubt as to the positions of the principal southern circum
polars, as given in the almanacs, existed in my mind, and it was thought
that the new Transit Circle, with its elaborate system of meridian marks,
the high stability of which had been fully established, would soon serve to
settle these doubts either one way or the other.

A series of experimental determinations of azimuth was attempted
during the winter months of 1907. In order to eliminate errors due to
the tabular positions of the stars observed, the device was adopted of
observing the same star at upper transit in the evening, and again twelve
hours afterwards at lower transit in the morning, or vice versa, It soon
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426 Trcnsactione of the Royal Society of South Africa.

became apparent that the observations, now taken by the Repsold method
with hand guiding, could not be reconciled within reasonable limits with
earlier observations taken by the older methods. Though instrumental
defects were suspected, which, however, could not be located, it was fully
apparent that the discordances were in a large measure of a personal
character.

The attempt to follow up these discordances was abandoned at the
time, it being thought tbat the discrepancies could be more effectively
dealt with when a suitable mechanical movement, which was at the time
in course of construction, was available. The experience, however, led
me to doubt whether the Repsold method, either with or without clock
work movement, could be effectively used for accurate determinations of
the Right Ascension of slow-moving stars. In the case of equatorial stars,
the observer at the telescope need only concentrate his attention for a
short interval, say some eight or ten seconds at a time, whereas the
observation by strictly similar means of the closest circumpolar on our
working list would need highly concentrated attention over some ten
minutes.

This, as may be readily judged, either put an inordinate strain on the
observer, or resulted in very unreliable observations.

The plan adopted for the removal of this difficulty was to revert in the
case of circumpolar stars to the older methods of chronograph and key
adopted for clock stars. The chief difficulty in relation to the circumpolars
is that, though they are relatively free from apparent motion, they are not
absolutely so, and the personality seemed to be mainly due to this small
residual motion which they possess. Of course they could not be either
hurried or reduced to complete rest, but an alternative plan was available
of utilising the mechanical movement provided for observing clock stars
to give a definite and comparatively rapid motion to the travelling wire.
It thus became possible to accurately observe the time of transit of the
moving wire over the relative fixed star instead of the moving star over
the fixed wire. Of course the personal errors with which I have been
dealing to-night would affect such an observation, but there is an impor
tant differentiating feature.

A wholesome rule which has been laid down for all measurements of
precision for the elimination of systematic errors is "reverse wherever
possible." Even unrecognised sources of error may often be eliminated
by the adoption of this expedient, and practically all the sources of error
that I have been discussing to-night could be thus eliminated if we could
include under the heading of possibility some means of reversing the
direction of rotation of the earth itself.

When, however, the significant part of the apparent motion is not that
due to the earth, but to that mechanically imposed on the moving web in
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Presidential Address. 427

a telescope, such a reversal as I have imagined can be comparatively
easily secured.

A device to obtain this end was attached to the instrument and utilised
throughout the observations of 1911, and all observations were made by
means of an equal number of transits in each direction, right to left and
left to right. Nearly two hundred comparisons were made between pairs
of observers, each of the two observers observing the same star at the
same transit over different parts of the telescope field. A discussion of
these comparisons has yielded the following results for the apparent
personal discordances between the different observers. In order to make
the results strictly comparable with those previously exhibited they have
been" reduced to the equator."

Personal Discordances for Circumpolar Stars .

.). a cos ,1
s.

C.
A.P.
RC.
A.W.
M.
J.J.
S.

-0,001
-0'004
-0'012
+0'011
+0'006
-0'007
+0'008

It will be seen at once that the outstanding discordances are of a
scarcely detectable character, and that practically we may consider the
problem of the elimination of personal errors to have been solved.

The discussion of the observations made with the new Transit Circle,
since it was first brought into use, which is now in progress in connection
with the formation of a catalogue of results, has yielded several results of
interest. For instance, I should like to have given some analysis of the
performance of that essential accessory to every transit circle, viz., its
clock, and to have exhibited figures indicative of the general stability of
the instrument. The time at my disposal has, however, compelled me to
restrict this address to· night to the one aspect of meridian observing, viz. :
the elimination of the personal errors of Right Ascension observations.
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